The present investigation was undertaken to assess the combining ability of parents and also to estimate the extent of heterosis for eleven different characters in 40 hybrids which were derived by crossing four CMS lines with ten testers in a line x tester mating design during kharif 2015. The resultant hybrids and parents along with standard checks, LSFH-35 and LSFH-171 were evaluated for seed yield and yield contributing traits. CMSPET 89-1A and CMS PET 2-7-1A, were good combiners for seed yield and oil content, respectively. Two restorers RHA138-2, EC 601957 were found to be the best general combiners for yield and other yield contributing traits. The best cross combinations, PET 2-7-1A x EC 601957,CMS 234A x EC 601924, PET 2-7-1A X R-16 and ARM 249A x R 271-1 for seed yield per plant with high significant sca effect and heterosis have been identified.
Sunflower is a cross pollinated crop wherein combining ability analysis is of special significance to identify parental lines and to develop good hybrids/synthetics/ composites. Earlier studies led to the selection of inbreds with high gca and predominance of non-additive gene action for seed yield and its components. The present investigation aims at identification of superior parents (lines and testers) and cross combinations for seed yield and its component characters. Breeding programs can take advantage from such information on combining ability to find the best selection strategy for developing high yielding lines and hybrids (Skoric, 1992) . Also, evaluating genotypes for combining ability is important in determining appropriate procedures or genotypes to utilize efficiently in breeding programs for main yield characters in sunflower (Inamullah et al., 2006) .Improvement in sunflower emphasizes the urgency of generating heterotic hybrids that is achieved by tapping the excellent combining ability and heterotic vigour available in the genetically divergent inbreds or genotypes. Keeping these points in view, the present investigation was undertaken with the following specific objectives, to choose appropriate parents and hybridization based on combining ability and to study interrelationship between gca and sca hybrids and nonadditive gene action for exploitation of vigour in sunflower.
Experiment material comprised of four lines and ten testers. The testers were crossed with each line and thus forty F 1 s were produced. The fourteen parents along with forty F 1 s were grown in a randomized block design with three replications at Experiment Farm, Oilseed Research Station, Latur during kharif 2015. Each entry was planted in two rows of 3m length with spacing of 60 cm between rows and 30 cm between plants. Observations were recorded on eleven quantitative characters. Data related to days to 50% flowering, days to maturity, plant height (cm), head diameter (cm), seed filling (%), hull content (%), test weight (g), volume weight (g), oil content (%), seed yield per plant (g) and pollen viability (%). The mean of five plants was used for all statistical analysis and data were subjected for analysis of general and specific combining ability analysis as per the procedure of Kempthorne (1957) .
The analysis of variances showed highly significant differences among all the characters indicating the existence of sufficient variability and diversity among the parents. The magnitudes of mean sum of squares particularly for plant height, seed yield/plant, seed filling percentage, hull content (%), head diameter(cm), and pollen viability (%) were high and it was less for days to50% flowering, oil content (%),volume weight (g) and test weight (g).
Combining ability analysis helps the breeder in selecting desirable parents for exploitation in breeding programme. Use of general combining ability i.e. gca effects of the parents is the important criteria for selection. Generally the parents with high per se may not transmit their superiority in their progenies. Hence it is essential to assess the compatibility of parents to express their own high performance to the hybrids involving them.
General and specific combining ability effects helps to pinpoint the good parents and hybrids, respectively. The perusal of gca effects of 14 parents (4 CMS lines and 10 testers) for 11 traits indicated that the CMS PET 2-7-1B was good general combiner for early flowering (-1.442), plant height (-4.775),seed filling (3.667), hull content (-3.596), test weight (0.630), volume weight (1.404) and oil content (1.216) exhibiting significant gca effects in positive direction and CMS PET 89-1B is also found to be good general combiner for seed yield/plant (1.333), exhibiting significant gca effects in positive direction. The CMS ARM 249B was good general combiner for pollen viability (3.939), recording significant gca effects in positive direction. Among the testers, EC-601957 was good general combiner for head diameter (2.248), hull content (-2.337), test weight (1.140), seed yield/plant (6.517) oil content (2.286) and pollen viability (3.386). The restorer line, RHA 138-2 was good general combiner for head diameter (1.740), seed filling (8.983), hull content (-2.963), seed yield/plant (10.183) and oil content (1.044) exhibiting significant gca effects in positive direction. All these testers could be exploited for development of better hybrids and also in conventional breeding programme.
In sunflower, negative SCA effects are considered to be desirable for days to 50% flowering, plant height and hull content. Among 40 crosses, one hybrid for days to 50% flowering, four hybrids for plant height and ten hybrids for hull content exhibited highly significant SCA effects in desirable direction similarly, positive and significant SCA effects were recorded by 12 hybrids for seed yield/plant, 10 hybrids for seed filling (%) and 15 hybrids for test weight, three hybrids for volume weight, three hybrids for head diameter and seven hybrids for oil content. The hybrid, LSH-13 was found with good SCA effects for plant height, head diameter, test weight, volume weight and oil content. The hybrid, LSH-38 recorded good SCA effects for seed yield, head diameter, seed filling and test weight and the hybrid, LSH-28 exhibited superiority for seed yield per plant, test weight, hull content and oil content.
For all the traits under study, the crosses with significant SCA effects in the desirable direction involved parents with high x high or high x low or low x low gca effects indicating high performance of these crosses due to additive, dominance and epistastic gene interactions. The ideal cross combination to be exploited is one which shows high magnitude of sca in addition to gca in both or at least in one of the parents.
The best four cross combinations, LSH-38 (CMS 234A x EC 601957), LSH-19 (CMS 234A x EC 601924), LSH-31(PET 2-7-1A x R-16) and LSH-44 (ARM 249A x R 271-1) for seed yield per plant with high significant sca effects and significant economic heterosis have been identified. The lines, CMSPET 89-1A and CMS PET 2-7-1A, were found to be good combiners for seed yield and oil content, respectively. Two restorers;RHA138-2 and EC 601957 were found to be best general combiners for seed yield and other yield contributing traits. These lines can be exploited for the development of single cross hybrid as nonadditive was observed for most of the traits studied. 
